Abstract
Overall migration from a wide range of commercial plastics-based netting materials destined to be used as either meat or vegetable packaging materials into the fatty food simulant isooctane or the aqueous simulant distilled water respectively was studied. In addition sensory tests of representative netting materials were carried out in bottled water in order to investigate possible development of off-odor/taste and discoloration in this food simulant as a result of migration from the netting material. Sensory tests were supplemented by determination of the volatile compounds' profile in table water exposed to the netting materials using SPME-GC/MS. Test conditions for packaging material/food simulant contact and method of overall migration analysis were according to the EU directives 90/128 and 2002/72. The results showed that for both PET and polyethylene based netting materials overall migration into distilled water ranged between 11.5 and 48.5 mg/L, well below the upper limit (60 mg/L) for overall migration from plastics packaging materials set by the EU.
The overall migration from netting materials into isooctane ranged between 38.0 and 624.0 mg/L, both below and above the EU upper limit for migration. Sensory tests involving contact of representative samples with table water under refluxing (100 o C/4h) conditions showed a number of the netting materials produced both off-odor and/or taste as well as discoloration of the food simulant rendering such materials unfit for the packaging of foodstuffs in applications involving heating at elevated temperatures. GC/MS analysis showed the presence of numerous volatile compounds being produced after netting materials/water contact under refluxing conditions. Even though it is extremely difficult to establish a clear correlation between sensory off-odor development and GC/MS volatile compounds' profile, it may be postulated that plastics oxidation products such as hexanal, heptanal, octanal and 2,6 di-tert-butylquinone may contribute to off-odor development using 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (EEC 1982 , EEC 1985 , EEC 1990 (EEC 1990 , CEN 1991 .
The use of vegetable oils as food simulants presents a number of difficulties and is a timeconsuming procedure (Figge 1996 , Van Battum et al. 1982 . Some alternative fatty food simulants have been proposed -mainly solvents which can be evaporated such as isooctane or heptane and ethanol-water mixtures. Many of the problems encountered in applying fat migration testing can be overcome by using the above alternative solvents because overall migration can been determined directly be weighing a residue after evaporation of the solvent (Baner et al. 1992 , Baner et al. 1994 , De Kruijf and Rijk 1996 , Hamdani and Feigenbaum, 1996 .
Practical Guide N.1 of the Commission of EU (EEC 1993) and Directive 97/48/EC (EC 1997) refer to isooctane as one of the alternative fatty food simulants. De Kruijf and Rijk (1996) reported that isooctane is a suitable alternative food simulant for overall migration testing under various time and temperature conditions. Hamdani and Feigenbaum (1996) found that the affinities of isooctane and sunflower oil to all migrants were similar and isooctane can be considered as an alternative fatty simulant for plasticized PVC.
Migration of low molecular weight compounds (plasticizers, thermal and light stabilizers, antioxidants, residual monomers, solvents etc.) from plastics packaging materials into foodstuffs and food simulants has been the subject of a large number of studies (Badeka and Kontominas 1996 , Castle et al. 1988 , Castle et al. 1988 , Dilettato et al. 1991 , Gilbert and Startin 1981 , Kondyli et al. 1990 , Nerin et al. 1998 , Perlstein and Orme 1985 , Roberts 1988 , Zygoura et al. 2006 . The migration of such additives or contaminants from polymeric food Apart from the obvious problem of potential toxicity of such low molecular weight migrating species, another possibility is the development of off-odors/off-tastes as well as discoloration as a result of such migration. In both cases the foodstuff becomes unfit for consumption (Figge 1996 , Hodges 1991 .
Thus the objectives of the present work were (1) to determine the overall migration from a series of commercial plastics-based netting materials into the food simulants: distilled water and isooctane, (2) to run sensory tests in an effort to evaluate possible deterioration of sensory properties of the food stimulant: bottled table water (odor, taste, color) used as a result of migration and (3) to possibly relate sensory attributes (mainly odor) to GC profile of this food simulant using SPME/GC-MS.
Materials and Methods

Materials
Netting and threat samples were based on PET or PE and were supplied by a local commercial company representing several foreign manufacturing companies. The identity of the materials is listed in Table 1 . Analytical grade isooctane was supplied by Merck (Darmstadt, Germany). Water used was double distilled or commercially bottled water. 
Migration experiments
Sensory testing
Sensory testing was carried out using commercially bottled 
Determination of volatile compounds' profile of food simulant using SPME-GC/MS
Heated as described above net samples were placed (10mL) along with a micro-stirring bar in a 20mL glass vial (20×72mm) and 10µL of internal standard solution (20µg/ml of 4-methyl-2-pentanone) which was capped with a PTFE/rubber septum and sealed with an aluminum crimp cap. Solid phase micro-extraction (SPME) was performed with a 50/30 µm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fiber mounted to a SPME manual holder assembly (Supelco, Bellefonte, CA, USA). The sample vial was placed in a 40 o C water bath and stirred at high speed. After allowing 5 min for the sample to equilibrate at 40 o C, the septum piercing needle of the SPME apparatus was pushed down to expose the DVB/CAR/PDMS fiber to the vial headspace. After 30 min of exposure time with constant stirring, the fiber was retracted into the needle assembly, removed from the vial and inserted in the injector of GC/MS instrument.
GC/MS analysis conditions
Gas chromatographic (GC) analysis of volatile compounds adsorbed onto the SPME fiber was carried out on a HP-5MS (5% phenyl methyl siloxane) 30m×0.25mm×0.25µm fused-silica capillary column (J&W Scientific, Folsom, CA, USA). Flow rate of the helium carrier gas was 0.7mL/min. A Hewlett-Packard 6890 series gas chromatograph equipped with a HewlettPackard 5973 mass selective detector was used. During the injection phase, the injector was operated in the split mode (2:1 split ration) at a temperature of 260 o C. For thermal desorption, the SPME fiber remained in the injector for 5 min. The initial column temperature was 40 o C and was maintained at this temperature for 4 min. The column was heated to 280 o C at a rate 
Results and Discussion
Overall migration
Overall migration values in contact with aqueous or fatty simulant are given in Table 1 .
Samples #1 and #8 were polyester based materials also containing rubber and cotton threads destined to be used for wrapping boiled meat and salami products respectively, while sample #4 also containing rubber and cotton threads was a polyethylene based material destined to be used for wrapping smoked meat products. Sample #2, 3 and #5-7 were PET based nets also containing rubber destined to be used for wrapping meat cuts to be baked in a conventional oven or boiled. respectively which are below the above reported upper limit for overall migration. The same rationale holds for samples #4 versus #14 the first giving a very high migration value as compared to the second, consisting solely of PE thread resulting in a migration value within the limit for overall migration (60mg/L). In other cases such as those of samples #1 and 8 the migration value is such that if divided by a factor of 4 falls within the above mentioned migration limit.
Of PET thread samples #16-18 destined for wrapping salami products and samples #19-22 destined for wrapping baked and boiled meat products, samples #18, 21 and 22 meet the above migration criterion, while samples #16, 17, 19 and 20 do not. It is unclear why these four PET samples gave such high migration values given that migrating species from PET packaging materials include mostly PET oligomers responsible for low migration values (Castle et al. 1989) .
The rest of the net samples namely #9-11 were made solely of polyethylene and were intended for the packaging of unprocessed vegetables such as potatoes, onions and garlic and were thus tested against distilled water as the food simulant. It is clear that overall migration values for all these samples are well below the upper limit of 60mg/L for migration. It should be stressed, at this point that with the exception of potatoes which might be consumed with their skin intact, most vegetables are peeled before consumption and thus even high overall migration values will most probably not pose any kind of health risk for the consumer. To the best of the authors' knowledge these are no reports in the literature involving overall migration values from plastics based netting materials into either food simulants or foodstuffs. Table 2 is that netting materials containing rubber or rubber+cotton result in more objectionable sensory attributes as compared to materials consisting solely of plastics (i.e. #1-8 versus # 12-15). An exception to this trend is material #13 consisting of PET thread producing objectionable taste and color. The reason for this is unclear.
Determination of volatile compounds
Volatile compounds' profiles of representative netting materials (i.e. #2, 8 and 12) including control samples are given in Table 3 . Samples were chosen on one hand to represent composite materials made of PET + rubber (#2), of PET + rubber + cotton (#8), of PE + rubber + cotton (#4) and of PET thread (i.e. #12) and on the other hand on the basis of hexanal, heptanal, octanal, benzaldehyde, butylated hydroxytoluene and 2,6 di(t-butyl)-2,5
cyclohexadien-1-one while an example of the latter case is: 1,2 benzenedicarboxylic acid, bis (2-methyl propyl) ester and butylated hydroxytoluene (BHT).
What should be stressed at this point is that numerous volatile compounds show up in the control sample which was table water packaged in PET. Thus their presence is largely justified. What we were interested in seeing were differences in volatiles produced as a result of heating either plastics based nets or plastics threads. It is also apparent that numerous compounds identified in composite netting materials absent from both the PET thread (sample #12) and the control such as carbon disulfide; [1,1' biphenyl]-2-ol; propanoic acid-2-methyl 1-(1,1 dimethyl)-2-methyl-1,3-propanediyl ester etc. are most probably related to specific treatments applied to the rubber and/or cotton component of the netting materials.
Even though it is extremely difficult to establish a clear correlation between volatile compounds' profile and sensory (odor) evaluation it may be postulated that oxidation products of plastics materials such as 2-ethyl hexanal, heptanal, octanal and 2,6-di-tert butyl quinone probably contribute to off-odor development in heated plastics based netting materials. Riganakos et al. (1999) determined the volatile compounds' profile of a series of based on polyethylene using HS-SPME and reported a series of compounds among which hexanal, heptanal, decanal, nonanal, decane, toluene and 2-ethyl hexanal were also found in the present study. Similar compounds were also identified by Bravo et al. (1992) as odoractive species resulting from thermal oxidation of polyethylene.
Rose (1991) determined volatile extractives from microwave susceptor PET based materials (conditions: Temp=125 o C, time=3-4 min) and reported the production of 72 compounds including many of the compounds determined in the present study.
Conclusions
Based on data of the present study it is concluded that PE netting materials used for the packaging of vegetable products (i.e. potatoes) are absolutely safe as packaging materials.
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